Thus, the morphology and size of phage R17 seems to be similar to that of other small RNA viruses. Detailed structural analysis by use of both X-ray diffraction and electron microscopy has been carried out on two such viruses, namely, poliomyelitis virus (9, 15, 21) and turnip yellow mosaic virus (TYMV)
Pseudo-crystalline arrays of intracellular ribonucleic acid (RNA) bacteriophage R17 have been observed in ultrathin sections. The individual particles were composed of a central dense core surrounded by a narrow zone which was less dense. The diameter of the virion was about 200 A, and the center to center distance in hexagonal closely packed arrays was 230 A (12) . Negatively stained R17 particles attached to fimbriae were spherical, with a diameter of about 200 A. The individual morphological units appeared to be hollow (5) . Bradley (1) studied some other RNA phages (ZIK/1, ZJ/1, ZG/1) using the technique of negative staining. The diameter of these phages was about 225 A. The capsid was reportedly composed of 92 units, one of which was believed to have a central hole. These 92 capsomeres displayed icosahedral symmetry.
Thus, the morphology and size of phage R17 seems to be similar to that of other small RNA viruses. Detailed structural analysis by use of both X-ray diffraction and electron microscopy has been carried out on two such viruses, namely, poliomyelitis virus (9, 15, 21) and turnip yellow mosaic virus (TYMV) (10, 16, 17, 19, 20, 23 of the R17 capsid, by use of the negative staining technique (2) . Two fractions were studied: one corresponding to the complete virus particle, and the other to the "top component" composed of empty shells. The structure of R17 was compared with the structures of poliomyelitis virus and TYMV.
MATERIALS AND METHODS
Growth and purification of the virus. The Escherichia coli (X-) strain used as host cell has been described, as well as the media and details of the growth of R17 (12) .
Growth of large batches of virus and their purification is based on published procedures (8, 25 At low magnification, the virus particles and empty shells appeared to be spherical or hexagonal in shape ( Fig. la and b) . Two-dimensional crystalline arrays of virus, in a diamond-type lattice, were seen over the holes when the virus solution was applied to grids at an abnormally high concentration (Fig. lb) .
The diameter of virions was about 230 A when measured on isolated particles and 250 A from measurements of the interparticle distance in crystals. As is well known, the diameter of viruses appears larger in negatively stained preparations than in ultrathin sections. The diameter reported for R17 phage is smaller than that of poliomyelitis virus [300 A (15) Since virus particles are completely enveloped in PTA (10), there is a superposition of detail from the top and bottom of the virion, leading to difficulties in interpreting the arrangement of morphological units. In the majority of the particles, only a few of the morphological units over the capsid were clearly seen, and only a small fraction ofthe total number ofcapsids was suitable for analysis. Nevertheless, it was often easy to count the number of morphological units at the periphery of the virus, and their number was never greater than 10 (Fig. 2a, b, c, and e) . In most cases, it was only possible to distinguish clearly six to seven morphological units, the Fig. 4c ). (h, i, j, k) Viral particles apparently viewed along the fivefold (h, i) or close to the twofold axis of the particle (j, k) (indicated by arrows). These images result from superposition of symmetrical detail from both sides of the capsid. X 600,000.
others being blurred. Some of these peripheral R17 phage and the evidence of a preponderance units were thicker than others. were 32 subunits (6) . A model was made and compared with the images of the negatively stained particles. It was possible to check three main orientations of the model with the images of the virus. In these positions, 0, 10, or 6 to 7 peripheral units were clearly seen. These cases corresponded to the threefold (Fig. 4c) , fivefold (Fig. 2d) , and twofold (Fig. 2f) positions, respectively (see legend to Fig. 2 ). In the latter view, a superposition of morphological units made some of them look thicker than others (Fig. 2f) . The finding of 10 peripheral units is a fortiori against the 92-unit structure suggested by Bradley (1) for three other RNA phages. In the pictures published by Bradley, the contribution from the supporting membrane to the overall pattern of morphological units appears so great that it seems impossible to make any conclusion from these photographs.
The examination of numerous complete R17 particles frcm fraction I shows that there is more than one central unit, eliminating the possibility of a 12-unit structure, as has been suggested for the small deoxyribonucleic (DNA) bacteriophage 4)X 174 (14, 26) .
Could not a 42-unit structure show the same arrangement of 10 peripheral units? Generally, in this case, about 12 peripheral units are counted (18) , and, in our investigation, a maximum of 10 was found. Being aware of the necessity of finding a correlation between these peripheral units and the pattern towards the center of the particle, we tried to identify unequivocally the central morphological units. Because of superposition of detail,it was difficult to distinguish them clearly, and many particles showed diffused patterns. In some, however, apparently hollow morphological units were seen, close to the direction of the fivefold (Fig. 2h, i ) and the twofold axis (Fig. 2j, k) . The diameter of these morphological units was about 60 A, which was not consistent with the 30-A diameter measured on the peripheral units. However, it is well known that superposition of a morphological unit on one side of the capsid with another on the opposite side can result in the appearance of one or two morphological units which are larger and more prominent than the others. When the superposition of both sides is alike, especially along the twofold axis, the morphological units can appear to be hollow. If this is the case, we must admit that in bacteriophage R17 they are similar to those of TYMV (10) .
Nevertheless, patterns of five-and six-coordinated units having the same diameter as the peripheral units were observed, and no evidence of holes was seen. In Fig. 3 , images with regular detail of arrangement of the morphological units are shown. Positive and reverse prints and a model of 32 morphological units (the same as that of Fig. 2 , now embedded in black cotton) are shown.
In Fig. 3a , b, and c, one central unit is surrounded by five more units, corresponding to a particle viewed along the fivefold symmetry axis.
In this case, peripheral units are distinctly visible, and two neighboring five-coordinated morphological units can be identified by comparing the photographs of virus (Fig. 3a, b) with the model having the same orientation (Fig. 3c) . The arrangement of the six-coordinated morphological units in their neighborhood is also discernible.
In Fig. 3d , e, and f, the same arrangement is found, but the fivefold point of symmetry has another orientation, slightly rotated with respect to the central axis of the particle. The distance between the five-coordinate units seems to be in the order of 95 i 5 A and between the six-coordinated units, 65 i 5 A.
The last series (Fig. 3g , h, and i) shows one morphological unit surrounded by six more, corresponding to a particle viewed along the threefold symmetry axis. In this direction there is a superposition effect at the periphery, and the individual peripheral units cannot be clearly distinguished. In all three cases, the model was rotated to have approximately the same orientation as the virus.
From the preceding findings, we suggest that the capsid of R17 phage is composed of 32 morphological units, 12 located on the fivefold and 20 on the threefold axis of symmetry.
A central diamond, corresponding to the twofold axis of symmetry was extremely rare; the rarity of this orientation may eliminate the rhombic triacontahedron as a possible structure, since this orientation should be most frequently found for this polyhedron according to studies made on TYMV (16) and poliomyelitis virus (21) . The pentagonal dodecahedron, with pentagonal pyramids placed on each face, has been proposed for the K rat virus (27) ; in this case, knobs and concavities deformed the hexagonal shape of the capsid. Although protuberances and concavities were sometimes seen on the R17 virions, they were not at all regular. Therefore, they were probably either the result of a distortion of the particles or due to irregularities of staining.
The polyhdera just discussed, as well as others having the same arrangement of symmetry axes, cannot be easily distinguished in the electron microscope. For this reason, with the information available, it is not possible to definitively choose between them. We can only propose that there are 32 morphological units, probably situated on the lattice points of a T = 3 icosahedral surface lattice, according to the formula lOT +2 (3, 4) .
With the resolution available, it was not possible to demonstrate that these 32 morphological units are composed of clustered structural units. According to Caspar and Klug (3, 4) , there should be 12 pentamers and 20 hexamers and, therefore, a total of 180 structural units. Our model of 12 pentamer and 20 hexamer units (Fig. 4) is suggested by the following considerations. The best estimate for the molecular weight of the protein subunit is 14,200 (8) . The total molecular weight of protein per virion is 2.5 x 106 (7, 11) . Therefore, there should be 176 subunits (2.5 X 106/1.42 X 104), which fits very well the 180 structural units expected (12 X 5 + 20 X 6) for an icosohedron with T = 3 (3, 4) .
Thus, the RNA bacteriophage R17 is likely to be in the class of viruses with 32 regularly disposed morphological units, approximately equal in size and arranged in icosahedral symmetry. It is the first bacteriophage to be assigned to this class which already includes one RNA animal virus, poliomyelitis virus (21); one RNA plant virus, TYMV (10, 16, 17, 20, 23) ; and one DNA animal virus, K rat virus (27) . FIG. 4. A model of the R17 bacteriophage composed of 32 hollow morphological units, 12 pentamers on the
